This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



12 DEC '01 16=42 FROM 



TO 0-0915167424366. P. 02/22 



SPOOR V3HHR 



I V ' I ■ . '. 

/ ' 

J 

t 

REPUBLIC OF SOUTH AFRICA 
PATENTS ACT, 1973 

APPLICATION FOR A PATENT 

AND ACKNOWLEDGEMENT OF PECEIPT 
(Saction 30 111 • Regulation 22) 



. i- 



FORM P.1 



r. 



The opting of a patent is hereby reeled by the undermentioned aopliiant. ii-the-baiis : of the pre^applieVtioft in duplicate 
OFFICIAL APPLICATION No. </, , S & F REFERENCE 

1 



21 



01 



93l84i7 




FULL NAME(S1 OF AP 



JP/D 1306 



71 



^S^gR MKBUSTRI^DIXMOND DIVISION f _ 
O^^v fry /JO 




;TARY)'t:?MlT£D- 



ADDRESS(ES) OF APPLICANT(S) 

■ 



DEB1D HOUSE, CNR. AMETHYST STREET AND CROWNWOOD ROAD, THETA, JOHANNESBURG, 
TRANSVAAL, REPUBLIC Of SOUTH AFRICA 



TITLE OF INVENTION 




THE APPLICANT CLAIMS PRIORITY AS S£T OUT ON THE ACCOMPANYING FO RM P.Z. THE EARLIEST PRIORITY CLAIMED IS: 

DATE: 13. 11.92 



COUNTRY: 



GB 



NUMBER; 9223818.7 



THIS APPLICATION IS FOR A PATENT OF ADOITION TO PATENT APPLICATION NO 



21 



01 



THIS APPLICATION IS A FRESH APPLICATION IN TERMS OF SECTION 37 AND IS BAS ED ON APPLICATION NO. 



21 



01 



THIS APPLICATION IS ACCOMPANIED BY: 

(3 1. Two copies of a complete specification of 13 pages. 

(3 2. Drawings of 2 sheets. 

J2 3. Publication particulars and abstract (Form p. 8 in duplicate). 
(2 A copy of Figure 1 of the drawings (if any) for the abstract. 
(2^5. An assignment of invention. 

□ 6. Certified priority documented J . 

□ 7. Translation of the priority document (s). 

□ 8. An assignment of priority rights. 

□ 9. A copy of the Form P. 2. and the specification of S,A. Patent Application Ho, 
0 10. A declaration and power of attorney on form P. 3, 

Q 11. Request for ante-dating on Form P.^. 

□ 12. Request for classification on Form P. 9. 

□ 13. 



74 ADDRESS FOR SERVICE: SPOOR ANO FISHER. SANOTON 




- ' 3- 

^' ■ • • 












Dated ; 11 TH NOVEMBER 1393 




^ REQ^VE£f • 


L 
\ 




* Ap 


>* 


SPOOR AND FISHER 
APPLICANTS PATENT ATTORNEYS 


'• 


REGISTRAR OF PATENTS 



! * 12 DEC '01 16 = 42 FROM 



TO 0-0915167424366 P. 03/22 



SPOOR AND FISHER 



FORM P.7 
{To be lodged in duplicate) 



REPUBLIC OF SOUTH AFRICA 
PATENTS ACT, 1978 

COMPLETE SPECIFICATION 



(Section 30(1) - Regulation 23) 



OFFICIAL APPLICATION NO. 




INTERNATIONAL CLASSIFICATION 




LODGING DATE 




I 



FULL NAMEIS) OF APPUCANT(S) 




72 



FULL NAME(S) OF INVENTQfttS) 



n s vin taMPS HAMMOND- MICHAEL WILLIAM NAUCHTEN SINGER; RUDOLF WILHELM 
GLA^H A AR^ GERH ARD LANIE WS Kl; SUDHIR NUNDHLAL SURUJHLAL; FORRESTER 
DANIEL DE BEER; PIETER GERHARD ROOS . 



54 



TITLE OF INVENTION 



BODY SCANNING SYSTEM 



- I - 



12 DEC '01 16=42 FROM 



TO 0-0915167424365 P. 24/22 



- 2 - 



RAfKfiROUNP ™ THE INVENTION 

THIS invention relates to a system for scanning bodies. 



In one application of the invention, it may be used to scan human bodies 
to detect the presence thereon or therein of certain articles or 
substances. 
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SUMMARY OF THE INVENTION 

According to a first aspect of the invention, there is provided a method of 
scanning a body, possibly a human body, the method comprising the steps 
of producing a collimated beam of X-radiation by transmitting a beam of X- 
radiation through a collimator which includes a stack of spaced apart, 
parallel plates, scanning the body with the collimated beam of X-radiation 
by causing relative linear movement between the body and the X-ray source 
to take place in a direction transverse to the plates of the collimator, 
converting X-radiation transmitted by the body into an optical image, 
intensifying the optical image, converting the optical image into an 
electronic image and manipulating the electronic image to produce a scanned 
image of the body or a portion thereof. 

The intensified optical image is preferably converted to a digital electronic 
image using CCD array detectors operated in drift scanning mode. The 
scanned image which is produced by manipulation of the digital electronic 
image is preferably a visual image of the body or portion thereof. 

In a preferred form of the method, the transmitted X-radiation is converted 
to an optical image by scintillator means. It is also preferred that 
intensification of the optical image is by means of an optical image 
intensifier and possibly also by one or more fibre-optic tapers used to 
convey the optical image. 

In one embodiment, a series of first fibre-optic tapers conveys an optical 
image from a corresponding series of scintillators to an optical image 
intensifier which intensifies the optical image, and a series of second fibre- 
optic tapers conveys the intensified optical image to a corresponding series 
of CCD array detectors, operated in drift scanning mode, for conversion to 
an electronic image. 
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Preferably, an X-ray source and imaging apparatus are located in opposition 
to one another on opposite sides of a scanning station and are supported by 
a carrier which is caused to move relative to a body located at the scanning 
station, thereby to scan the body. In a case where the human body is 
scanned, a person whose body is to be scanned will stand upright at the 
scanning station, and the carrier is caused to move vertically relative to the 
body . 

Alternatively, the body may be caused to move, possibly on a conveyor belt 
or other transportation system, relative to a stationary X-ray source and 
opposing imaging apparatus. 

The invention also extends to apparatus for scanning a body, the apparatus 
comprising an X-ray source for scanning the body with a beam of X- 
radiation, a collimator which includes a stack of spaced apart, parallel plates 
for coUimating the beam of X-radiation, means for causing relative linear 
movement, in a direction transverse to the plates of the collimator, between 
the body which is to be scanned and the X-ray source, and imaging 
apparatus which includes means for converting X-radiation transmitted by 
the body into an optical image, means for intensifying the optical image, 
means for converting the intensified optical image into an electronic image 
and means for manipulating the electronic image to produce a scanned 
image of the body or a portion thereof. 

In a case in which the apparatus is used to scan a human body, the intensity 
of the X-radiation is preferably such that the dose of X-radiation absorbed 
by the body during the scanning procedure is below physiologically 
unacceptable levels. For instance, the beam of X-radiation may be one 
which is of sufficiently low intensity for the human body to absorb an 
equivalent dose of 10 x 10" 6 sievert or less. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in more detail, by way of example 
only, with reference to the accompanying drawings in which: 

illustrates a system of the invention, used to scan a 
human body, in a side view; 

shows a diagrammatic plan view of the irradiation 
and detection equipment used in the system of 
Figure 1; 

diagrammatically illustrates a single detector 
channel of the system; 

shows a plan view of a preferred collimation 
system; and 

shows a cross-sectional view of the preferred 
collimation system, at the line 5-5 in Figure 4. 

nr srRiPTiO N of an emb odiment 

The system described hereunder is specifically designed to scan a human 
body to detect the presence thereon or therein of one or more specific 

articles. 



Figure 1 



Figure 2 



Figure 3 



Figure 4 



Figure 5 
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The system as depicted in Figure 1 includes a scanning station 
designated with the numeral 10. Each person 12 who is to be scanned 
is brought to this station where, as illustrated, he stands upright during 
the scanning procedure. Alongside the scanning station 10 is an upright 
post 14 which supports a carrier 16. 

A suitable vertical drive unit (not illustrated) is provided on the post 14 
or on the carrier 16 to move the carrier vertically up or down the post 
at a predetermined, constant linear speed. 

Referring also to Figure 2, the carrier 14 incorporates an X-ray tube 18 
which produces a generally horizontal, laterally fanned beam 20 of X- 
radiation and which directs the beam 20 through the scanning station 10 
towards an arcuate detector and imaging unit 22 on the opposite side of 
the scanning station. It will be noted from Figure 1 that the person 12 
stands in the path of the beam 20, During scanning, the carrier is moved 
vertically, either up or down, so that the beam 20 traverses the full 
height, or a selected portion only, of the person's body. 

The beam of X-radiation produced by the X-ray tube 18 is initially 
collimated in the vertical sense by a collimator 24 which limits the 
fanning of the beam 20 in a vertical plane. Having traversed the 
scanning zone, the beam 20 impinges on a series of laterally adjacent 
scintillator screens 26 which define, as illustrated, an arcuate scintillator 
screen array 28. As photons of X-ray energy impinge on the scintillator 
screens 26, the screens generate photons of light energy, in the form of 
an optical image, with considerable gain, i.e. many light photons are 
generated for each impinging X-ray photon. 
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In the illustrated case, where the body is scanned by an X-ray beam 
moving vertically relative to the body, it is important to avoid parallax 
effects by collimating the X-ray beam in the vertical sense to limit the 
vertical height of the fanned X-ray beam 20. 

An X-ray tube and collimator system which has been found to operate 
satisfactorily in practice is illustrated diagrammatically in Figures 4 and 
5 of the drawings. The preferred X-ray tube 18 is a known line focus X- 
ray tube. With an X-ray tube of this kind, X-rays are emitted from a 
source having the shape of a straight line, indicated in this case by the 
numeral 60. The line source 60 is orientated vertically as will be 
apparent from Figures 4 and 5, and has an emitting length corresponding 
to the desired height of the fanned X-ray beam 20. 

As seen in Figure 4, the divergent X-ray beam transmitted through the 
window 62 of the tube 18 is projected into a collimator 24 consisting of 
an outer housing 64 accommodating a stack 66 of closely spaced, thin, 
heavy metal plates 68. A collimator of this type is characterised by its 
grid ratio, which the ratio of the plate length in the direction of beam 
propagation to the clear spacing between the adjacent plates 68 in the 
stack. X-rays with a divergence exceeding the grid ratio impinge on the 
horizontal plate surfaces and are absorbed. 

As will be apparent from Figure 5, the shape of the collimator is such 
that lateral fanning of the beam can take place. Thus the X-ray beam 20 
which finally emerge from the downstream end of the collimator 24 is 
laterally fanned beam with a very low vertical divergence, determined 
each case by the particular grid ratio of the collimator plate stack 66. 



a 
in 
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It will be appreciated that the intensity of the optical image which is 
produced is proportional to the intensity of the impinging X-radiation. 

A first fibre-optic taper 30, i.e. a tapering bundle of optical fibres, is 
connected to each of the scintillator screens 26. Fibre-optic tapers are 
known to achieve good optical collection of light while maintaining good 
spatial resolution and low distortion of the light. 

The fibre-optic taper 30 directs the optical image via a suitable coupling 
32 to the input window of an image intensifier 34. It will be appreciated 
that the optical image presented to the input window of the image 
intensifier is de-magnified as a result of the shape of the fibre-optic 
taper. For each photon of light input to the image intensifier, the image 
intensifier outputs a number of light photons, via a further coupling 36, 
to a second fibre-optic taper 38. In other words, the image intensifier 34 
intensifies the optical image presented to it by the fibre-optic taper 30. 

The second fibre-optic taper 38 directs the intensified optical image, 
again with de-magnification, to the front face of a CCD (charge-coupled 
device) array detector 40 which is coupled to an electronic interface 
module 42. 

Figure 3 of the drawings diagrammatically illustrates a single detector 
channel as described above. 

The CCD array detectors are driven in so-called drift scanning mode. 
Drift scanning moves the electronic image generated at the back of the 
CCD array detector and continuously enhances, or updates, this image 
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from information gathered from the optical image that "moves" 
concurrently across the front face of the CCD detector as the carrier 16 



moves. 



Since the electronic image is moved along by a constant electronic clock 
frequency, each point in the optical image must "move" in a straight line 
at a constant velocity Le. the velocity at which the carrier 16 moves. 

Those skilled in the art will recognise that the gain in image brightness 
effected by the image intensifier must be carefully controlled in order to 
avoid saturation of the CCD array detectors. 

Hie modules 42 interface, through a databus 46 and line 48, with a 
processing unit 50. In the unit 50, each line of the electronic image is 
read out and enhanced by suitable digital electronic image processing 
enhancement apparatus. The unit 50 generates a video image on a 
monitor 52 which is viewed by an operator 54. 

It will be appreciated that an important consideration in any personal X- 
ray scanning technique is to ensure that X-ray dose absorbed by the 
body does not exceed physiologically harmful levels. This is particularly 
so in the case of a detection system in which frequent scanning of the 
body is necessary. For instance, where the system is used to detect the 
presence of goods which may have been stolen from the workplace, 
scanning may take place on a daily basis, each time a person leaves the 
workplace. . 
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It is anticipated that the system described above, in which X-radiacion 
is converted to an optical image which is intensified and converted to an 
electronic image by a CCD array detector operated in drift scanning 
mode, will be able to provide the required accuracy and resolution with 
safe levels of initial X-ray intensity. 

In practice, it is believed that in non-medical applications equivalent X- 
radiation dose levels of 10 x 10" 6 sievert can be sustained with adequate 
levels of signal resolution and accuracy. 

In one application of the invention, the human body scanning system 
described above can be used to scan the bodies of persons with a view 
to detecting the presence thereon or therein of specific articles prone to 
theft. For instance, the bodies of persons may be scanned to detect 
concealed diamonds. In such a case, it is known that any diamond 
particles in or on the person's body will absorb a greater proportion of 
the incident X-radiation than the surrounding body tissue or bone. Tnus 
the diamonds will cause relative attenuation of the X-ray signal and this 
will be visibly discernible in the final video image which is produced at 
the monitor 52. Not only will the presence of a diamond be detected, 
but also its location on the person's body. In such an application, the X- 
ray tube voltage may be selected to be in the range 150KV to 160KV. 

Also, although specific reference has been made to the person standing 
during a vertical scanning procedure, it is equally possible to have the 
person in a prone position with horizontal scanning, or indeed to have 
the person moving at a constant speed, for instance on a conveyor belt, 
past a stationary scanning apparatus. 
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The detection of diamonds on the human body is but one application of 
the invention. In other applications, the human body could be scanned 
for the presence of other foreign objects, for instance pieces of metal, or 
for the presence of broken bones or other physiological irregularities, in 
a medical examination procedure. 

Generally speaking the X-ray tube voltage will be chosen to suit the 
particular application. In medical applications such as those mentioned 
in the preceding paragraph,. the X-ray tube voltage could, for instance, 
be as low as 80KV. On the other hand, for location and analysis of 
heavy metals such as iron, tungsten or platinum, voltages as high as 
600KV could be employed. 

The human body could also be scanned for the presence of drugs or 
other prohibited substances or articles such as weapons at airport 

4 

security checkpoints. 

The body itself is not necessarily a human body. For instance, the 
method and apparatus described above could be used to examine articles 
of luggage at airport security checkpoints. 

In such cases, a version of the invention in which the body moves 
through the scanning station would normally be preferred to the 
illustrated system in which the scanning apparatus moves relative to the 

body. 
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In each application of the invention, the contrast presented on the visual 
image may be set at an optimum level for accurate detection of a 
particular article or substance, by appropriate initial setting of the 
operating voltage and current of the X-ray tube. 

It should be noted that the video or electronic images produced by the 
apparatus described above can, if desired, be stored in memory by the 
processing unit 50. 
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CLAIMS 

1. 

A method of scanning a body, the method comprising the steps of producing 
a collimated beam of X-radiation by transmitting a beam of X-radiation 
through a collimator which includes a stack of spaced apart, parallel plates, 
scanning the body with the collimated beam of X-radiation by causing 
relative linear movement between the body and the X-ray source to take 
place in a direction transverse to the plates of the collimator, converting X- 
radiation transmitted by the body into an optical image, intensifying the 
optical image, converting the optical image into an electronic image and 
manipulating the electronic image to produce a scanned image of the body 
or a portion thereof. 

2. 

A method according to claim 1 wherein the intensified optical image is 
converted to a digital electronic image using CCD array detectors operated 
in drift scanning mode. 



A method according to claim 1 or claim 2 wherein the digital electronic 
image is manipulated to produce a visual image of the body or portion 
thereof. 



4. 

A method according to any one of the preceding claims wherein the 
transmitted X-radiation is converted to an optical image by scintillator 
means. 
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5. 

A method according to claim 4 wherein the optical image is intensified 
by an optical image intensifier in combination with one or more fibre- 
optic tapers used to convey the optical image. 



6. 

A method according to claim 5 wherein a first series of fibre-optic tapers 
is used to convey an optical image from the scintillator, means to an 
optical image intensifier which intensifies the image, and a second series 
of fibre-optic tapers conveys the intensified optical image to a 
corresponding series of CCD array detectors, operated in drift scanning 
mode, for conversion to an electronic image, the first and second series 
of fibre-optic tapers serving also to demagnify the image which they 



convey. 



7. 

A method according to any one of the preceding claims wherem an X- 
ray source and imaging apparatus are located in opposition to one 
another on opposite sides of a scanning station, the X-ray source . and 
imaging apparatus are supported by a carrier which is caused to move 
relative to a stationary body, and the source of X-radiatiori is caused to 
emit a fanned beam of X-radiation which is collimated in the direction 
of relative movement of the carrier. 
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8. 

A method according to claim 7 wherein the body is a human body and the 
carrier is caused to move vertically relative to a standing, stationary human 
body at the scanning station. 



9. 

A method according to claim 8 wherein the X-ray beam has a sufficiently 
low intensity for the human body to absorb an equivalent dose of 10 x 10* 
sievert or less. 



10. 

A method according to any one of claims 1 to 6 wherein the body is caused 
to move between a stationary X-ray source and opposing imaging apparatus. 



11. 

Apparatus for scanning a body, the apparatus comprising an X-ray source 
for scanning the body with a beam of X-radiation, a collimator which 
includes a suck of spaced apart, parallel plates for collimating the beam of 
X-radiation, means for causing relative linear movement, in a direction 
transverse to the plates of the collimator, between the body which is to be 
scanned and the X-ray source, and imaging apparatus which includes means 
for converting X-radiation transmitted by the body into an optical image, 
means for intensifying the optical image, means for converting the 
intensified optical image into an electronic image and means for 
manipulating the electronic image to produce a scanned image of the body 
or a portion thereof. 



n 
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12. 

Apparatus according to claim 11 comprising CCD array detectors, 
operated in drift scanning mode, to convert the intensified optical image 
to a digital electronic image. 



13. 

Apparatus according to either one of claims 11 or 12 comprising means 
for producing a scanned video image of the body or a portion thereof. 



14. 

Apparatus according to any one of claims 11 to 13 comprising scintillator 
means to convert the transmitted X-radiation to an optical image. 



15. 

Apparatus according to claim 14 comprising an optical image intensifier 
in combination with one or more fibre-optic tapers, used to convey the 
optical image, to intensify the optical image. 



16. 

Apparatus according to claim 15 comprising a Erst series of fibre-optic 
tapers to convey an optical image from the scintillator means to an 
optical image intensifier which intensifies the image, and a second series 
of fibre-optic tapers conveys the intensified optical image to a 
corresponding series of CCD array detectors, operated in drift scanning 
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naode for conversion to an electronic image, the first and second series of 
fibre-optic tapers serving also to demagnify the image which they convey. 



Apparatus according to any one of claims 11 to 16 comprising an X-ray 
source and imaging apparatus which are located in opposition to one another 
on opposite sides of a scanning station, a carrier supporting the X-ray 
source and imaging apparatus, and means for causing the carrier to move 
relative to a stationary body at the scanning station with the source of X- 
radiation emitting a fanned beam of X-radiation which is collated m the 
direction of relative movement of the carrier. 



Ippararos according to claim 17 comprising an X-ray source in the form of 
a line-focus X-ray tube orientated in the direction of movement of the 
carrier relative to the body. 



Apparatus according to either claim 17 or 18 when used to scan a human 
body , the carrier being movable vertically relative to a human body standmg 
at the scanning station. 



20. 



Apparatus according » claim 19 wherein the bean, of X-radiation has a 
safficicDtly low intensity fo, the human body .0 absorb an equivalent dose 

of 10 x 10' 6 sievert or less. 
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21. 



Apparatus according to any one of claims 11 to 16 comprising a stationary 
X-ray source and opposing imaging apparatus, and means for moving the 
body between the X-ray source and imaging apparatus. 



22. 

A method of scanning a human body substantially as herein described with 
reference to the accompanying drawings. 

23. 

Apparatus for scanning a human body, substantially as herein described with 
reference to the accompanying drawings. 
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